Soybean (Glycine max L. Merril) is widely grown in the mid hills as intercrop with maize or in paddy bunds, while it is gaining popularity as sole crop in terai and inner terai. Mean temperature at Khumaltar during soybean growing period was mostly fluctuating; but we observed an increasing trend in temperature. Amount of rainfall was not changed dramatically but number of rainy days was decreased during study period. Rainfall during germination time increase soil moisture which also increase germination and found higher early stand. Days from sowing to 50% flowering and 90% maturity were short in the case of higher minimum temperature and low rainfall. Among the genotypes, AGS-377, AGS-378, AGS-379 and Tarkari Bhattmas-1 were more sensitive. However, seed yield decreased in the case of higher temperatures and low rainfall. Cool night temperatures and high moisture increased disease incidence in soybean which, eventually reduced yield. In last three years, plant suffered from moisture stress during early vegetative stage and high moisture during late vegetative stage which reduced seed yield and seed weight. In conclusion, we found that genotypes like AGS-360, Sathiya and Tarkari Bhatmas-1 are very sensitive to climatic variation.
Introduction
Soybean (Glycine max L. Merril) is widely grown in the mid hills as intercrop with maize or in paddy bunds, while it is gaining popularity as sole crop in terai and inner terai. In mid hills and valleys soybean production occupies about 80% of the total agricultural area. It occupies an area of 24934 ha with the total production of 29221 mt and the average productivity of 1172 kg/ha in 2012/13 (MOAD, 2014) . Soybean has a diverse adaptability to varied agro-ecological zones with an altitude ranging from 200 to 2000 m above mean sea level (Sharma, 1994) . Soybean seed contains high amount of protein (45-50%), oil (20%), and rich in vitamin B, C, E and minerals (NGLRP, 2011) . It can be used as a good supplemental food especially in the underdeveloped countries where majority of population suffers from malnutrition. Soybean has a very diverse utilization such as seeds can be used to prepare baby food and food for diabetic patients, green pods can be used as green vegetables and dry seeds can be eaten roasted or fried. Soybean cake and meal are utilized for preparing various livestock and poultry feeds. Demand for soybean is in current increase with increase in poultry business and majority of soybean meal is imported from India (Shrama, 2012) .
Nepal today has faced with great challenges to produce adequate amount of soybean. Climatic changes associated with increasing atmospheric concentration of carbon dioxide (CO 2 ) and other "greenhouse gases" most importantly global warming and increasing ozone (O 3 ) concentrations in the lower atmosphere across large cropgrowing region (Bartlett et al. 2010) . Observational evidence indicates that recent regional changes in climate, particularly temperature increases, have already affected a diverse set of physical and biological system in many parts of the world (Beggs, 2004) .
Soybean grows well in warm and moist climate. Soil temperatures of 15.5°C or above favor rapid germination and vigorous seedling growth (Krishna and Sachdev, 2014) . The minimum temperature for effective growth is about 10°C and lower temperature tends to delay the flowering. Day length is the key factor in most of the soybean varieties as they are short day plant and are sensitive to photo-periods. Most of the varieties will flower and mature quickly if grown under condition where the day length is less than 14 hours provided that temperatures are also favorable (Krishna and Sachdev, 2014) . Inadequate soil moisture during germination causes uneven and spotty emergence. Stress at vegetative stages reduces shoot growth, but not root growth. These conditions diminish water use by the plants and increase their ability to extract water from the soil. Very high soil temperatures (32degrees Celsius) can cause decreased nodulation and nitrogen fixation to occur in soybeans (Rahmani et al., 2009) . Flower production can occur for 30 to 40 days under optimum growth conditions. Moisture stress and high temperatures shorten the flowering period (Jonathan et al., 2004) .
During the pod development stage, drought-stressed soybean plants will abort both flowers and pods. Temperatures above 35 degrees Celsius have been shown to significantly decrease pod set (Staton, 2012) . Leaf loss can also occur in severely stressed plants. If the moisture stress ends, soybeans will produce new flowers and pods up to the seed formation stage. Soybean yield losses will be the greatest due to reduces the number of pods per plant when stress occurs at seed development stage (Zheng et al., 2002) .
The general objective of this study is to highlight the climatic variation in a 10 year period and its effect on vegetable type soybean genotypes at Khumaltar, Lalitpur.
Materials and Methods
Twelve soybean AVRDC genotypes including check variety Tarkari Bhatmas-1 and Sathiya were conducted in Khumaltar evaluated for morphological and agronomical traits. Data from 2001 to 2011 was reviewed and correlated with environmental data.
Results and Discussion
Maximum, minimum temperature, rainfall and rainy days were recorded in Khumaltar meteorological station during these studies.
Study of Climatic Parameters
Maximum temperature: Mean temperature at Khumaltar during soybean growing period was mostly fluctuating; but we observed an increasing trend in temperature ( Figure 1 ). This increased maximum temperature decreased crop growth period and increased moisture stress. High soil temperatures (90°degrees Fahrenheit) can cause decreased nodulation and nitrogen fixation to occur in soybeans (Thuzar et al., 2010) . Temperature increases lead to higher respiration rates, shorter periods of seed formation and, consequently, lower biomass production. For example, higher temperatures result in a shorter grain filling period, smaller and lighter grains and, therefore, lower crop yields and perhaps lower grain quality (i.e. lower protein levels).
Minimum temperature: Minimum temperature or night temperature is very important for crop production. In high night temperature respiration increase which decrease food supply to soybean pod. In other hand, very low temperature < 15°C also increased flower drop and sterility during reproductive stages. The minimum temperature at Khumaltar had decreasing trend ( Figure 2 ) at reproductive period and increasing in vegetative growth period.
Total rainfall: The rainfall fluctuations in Khumaltar have been largely random over a study period, with no systematic change detectable in summer monsoon season (Figure 3 ). In last five year, maximum rainfall occurs in August which consider with soybean flowering time. Rainfall during flowering stage caused soybean malformation and flower drop. Soybeans can tolerate moisture stress relatively well during the vegetative stages. Stress at this time reduces shoot growth, but not root growth. These conditions diminish water use by the plants and increase their ability to extract water from the soil.
Total rainy day: Total rainy days in Khumaltar was fluctuating but decreasing trend (Figure 4 ). Amount of rainfall was not so decreased but rainy day was decreased. This showed that rainfall was not well distributed. Sometime crop suffer from moisture stress and sometime suffer from water lodging problem. 
Effect on Crop
More subtle fluctuation in weather during critical phases of crop development can also have substantial impact on yields.
Early plant stand: Soybean required optimum temperature and soil moisture for good germination. Soybean required 15.5 to 30°C and soil moisture more than 70% of field capacity. Soybean germination was affected by rainfall during germination stage. Rainfall in second week of May and first week of June i.e. sowing time increase early plant stand high ( Figure 5 ). Data presented in appendixes 1.
Days to 50% flowering: Soybean required 20-25°C for flowering. Days from sowing to 50% flowering was depended on moisture and temperature. Moisture stress and high temperatures shorten the flowering period. In last five year, days from sowing to 50% Flowering was decreased ( Figure 6 ) and data presented in appendix 2. Physiologically, the high temperatures during reproductive development may cause flower abortion, sequent sink site, and later pod abscission resulting decreased number of seeds per plant (Duthion and Pigeaire, 1991) . Pollen development, fertilization, and asynchrony of stamen and gynoecium's development are sensitive to temperatures during flowering (Boote et al., 2005) . Days to 50% maturity: A temperature of 15-22°C is optimum for maturity (Thuzar et al., 2010) . High temperature hastens crop development and therefore shortens the seed filling duration. In figure 7 , days from sowing to 90% maturity was short where rainfall was low and hot night during pod development. Among the genotypes, AGS-377, AGS-378, AGS-379 and Tarkari Bhattmas-1 were more sensitive than others. Prasad et al. (2000) also reported short maturity days where air temperature was 38°C during flowering to maturity and 50% reduction in pod yield.
Seed yield: Soybean seed yield is greatly affected by October temperature during early vegetative growth period and seed formation and development stage. The suitable temperature for soybean is 15-22°C at emergence, 20-25°C at flowering, and 15-22°C at maturity (Liu et al., 2008) . Soybean seed yield components are also influenced by temperature. Soybean seed yield increased as temperature increased from 18/12 (day/night) to 26/20°C, but decreased when plants were grown at temperatures greater than 26/20°C (Thuzar et al., 2010) . Yield in soybean is highly affected by drought stress, particularly when the stress occurring during flowering and early pod expansion (Dornbos and Mullen, 1991) . Yield loss is due mainly to an increased rate of pod abortion resulting in a less number of seeds per unit area. Stress significantly decreased pod set up to 40% and the critical stage for pod abortion was 3-5 days after anthesis, when cell division was active in the ovaries (Thuzar et al., 2010) . Drought at later stages when pod filling had begun reduced seed size but had no significant effect on pod set. Likewise, rainfall during flowering stage, flowering bud convert into vegetative bud as well as flower and pod drop, then seed yield decrease (Nafziger, 2012) . In 2004 and 2007, more rainfall occurred during flowering stage and seed development stage and mean temperature was below 24°C during pod filling stage i.e. July to September, so seed yield was drastically reduced. Stress at this time reduced the number of pods per plant as the plants were no longer able to produce new blossoms and pods. This is the major source of the lost yield. In cool night temperature and high moisture increase disease incidence in soybean which also reduce seed yield. In the 2010 and 2011, plant suffers from moisture stress during early vegetative stage and high moisture during late vegetative stage which reduced seed yield. Genotypes like AGS-360, Sathiya and Tarkari Bhatmas-1 are very sensitive to climatic variation (Figure 8 ). Soybean seed yield at Khumaltar is presented in appendix 4. Temperature increase in October increased seed yield (Table 1) . This increase in seed yield was due to decreased seed damage during ripening by frost and increase seed weight. The frost reduce pod per plant and reduced seed size all contributed to overall yield loss (Berglund, 2012) . However, increased temperatures in May decreased seed yield. In high temperature in germination stage decrease early stand which ultimately decrease seed yield in vegetable soybean (Thuzar et al., 2010) . Among the genotypes, AGS-352, AGS-361, AGS-378 and AGS-380 are more temperature responsibly than other genotypes. Similarly, heavy rainfall during July i.e. vegetative growth stage and September i.e. pod filling stage showed lower seed yield. This was due to high moisture favor foliar disease development and also effect on root respiration which ultimately decrease seed yield in soybean (Mills and Dorrance, 2009) .
Test weight (Thousand grain weight):
The factors affecting seed yield also affect the seed weight. Low temperature during pod filling stage, photosynthesis decrease which ultimately decrease seed weight (Thuzar, 2010) . Likewise, low and very high moisture at first ten days of seed filling stage also reduce seed weight (Staton, 2012) . Seed weight per plant decreased when day temperatures were 35°C. In the last five years, total rainfall and rainy days in September-October decreased, so soybean seed weight was decreased (Table 6) . Similarly, seed luster also reduced due to low temperature at maturity stage. 
Conclusion
Mean maximum temperature in Khumaltar during soybean growing period was fluctuating but increasing trend. Minimum temperature at Khumaltar had decreasing trend at reproductive period and increasing in vegetative growth period. Likewise, amount of rainfall was not so decreased but rainy day was decreased during study period. Early plant stands high when rainfall high in Second week of May and first week of June i.e. sowing time. Days from sowing to 50% flowering and 90% maturity were short when minimum temperature high and low rainfall. Among the genotypes, AGS-377, AGS-378, AGS-379 and Tarkari Bhattmas-1 were more sensitive to the days from sowing to 50% flowering and 90% maturity. Seed yield also high in high minimum temperature and low rainfall during ripening stage. However, more rainfall occur during flowering stage and seed development stage and mean temperature was below 24°C during pod filling stage i.e. July to September, drastically reduced seed yield. In last three years, plant suffers from moisture stress during early vegetative stage and high moisture during late vegetative stage which reduced seed yield and seed weight. Genotypes like AGS-360, Sathiya and Tarkari Bhatmas-1 are very sensitive to climatic variation.
